ZOOLOGIA 27 (6): 909-917, December, 2010 ent for different species, even closely related species (HOLLAND et al. 2004 , MIKUSINKI & ANGELSTAM 2004 . Additionally, the type and intensity of land-use (e.g. selective logging vs. clear cutting) will directly affect habitat quality (REIDSMA et al. 2006) as well as the spatial configuration of natural habitats in the landscape (DAILY et al. 2003 , DAUBER et al. 2003 , ANDRÉN 1994 . For this reason, the spatial scale at which observations are made is crucial for understanding the effect of land-use change on population dynamics and community patterns (HABEEB et al. 2005) . In addition, the scale at which species interact with the landscape varies widely (KEITT et al. 1997) and is correlated with body size and mobility of the organism (OLFF & RITCHIE 2002) .
Multi-scale approaches have been used with a variety of taxa at the community and species levels, trying to understand the proper spatial scales at which populations and communities respond to habitat modification (ATAURI & LUCIO 2001 , ATTUM et al. 2008 , GORRESEN et al. 2005 , GOTMARK et al. 2008 , HABEEB et al. 2007 , KARLSON & CORNELL 1998 , LINDENMAYER et al. 1999 , RHODES et al. 2009 , ZABALA et al. 2005 . At the community level, the abundance of the phyllostomid bat in the Atlantic rain forest in Paraguay was associated with landscape characteristics such as patch density, patch size and patch proximity at scales of 5 km radius, which probably includes all or most of the home range of the species (GORRESEN et al. 2005) . In this regard, this type of analysis can be a useful tool for management and conservation activities (GORRESEN et al. 2005 , ZABALA et al. 2005 .
Using multi-scale analysis, we examined how habitat and landscape variables can affect medium and large mammal communities in a grassland region in northern Uruguay. There, most of the mammal diversity occurs in riparian (gallery) forests, and afforestation with exotic species has been the major landuse change in the last 20 years. Specifically, we 1) determined mammal species richness, and composition, among gallery forests, grasslands and plantations, and 2) correlated them with habitat and landscapes characteristics. The results of this study are useful for determining management and conservation activities to protect the mammal community. In northern Uruguay the creation of protected areas is limited because the land is privately owned and used for forestry, agriculture and cattle ranching. In such a setting, it is essential to find a balance between conservation and economic development.
MATERIAL AND METHODS
We conducted the study from January to December, 2008, in the northeastern Uruguay. There, natural habitats have been transformed for cattle grazing, agriculture and afforestation with exotic trees. Grassland occupies approximately 80% of the country, being the main ecosystem where these activities have been developed and hence the most impacted (CRACCO et al. 2005) . This transformation is due to the high fertility of grassland soils, easy accessibility and relatively flat topography. The area of exotic tree plantations have increased rapidly following the implementation of the Forestry Law (# 15,939), which provided incentives and subsidies to investors that developed plantations on low fertility soils (GEARY 2001) . In 1987, 31,000 ha were planted primarily with Eucalyptus and Pinus spp. and by 2005 there were 766,000 ha of plantations (http:/ /faostat.fao.org, MGAP 2005). Exotic tree plantations are becoming economically important in Uruguay and it is expected that by 2020, 900,000 ha will be covered by exotic tree plantations, corresponding to 5% of the country (TORRES & FOSSATI 2004) . Plantations occur throughout the country, but 18.7% of all plantations occur in the department of Rivera, northern Uruguay.
The study area comprises a region of approximately 67,000 ha in the northwestern part of the department of Rivera (Fig. 1) . The climate is humid subtropical, with mean temperatures of 18.1°C and mean annual rainfall of 1653 mm (COFUSA 2006) . The main land-uses in the area are grassland mainly used for cattle ranching, gallery (or riparian) forest, small wetlands, watermelon and tobacco crops, exotic tree plantations and urban areas. In Rivera, 11,000 ha were planted mainly with Pinus spp. and Eucalyptus spp. in 1987, and by 2005 there were 124,382 ha of plantations (MGAP 2005) .
Study sites were located in ten properties of a forestry company (Fig. 1) . The properties occur in northern Rivera and the mean distance to the neighboring property was 6.68 km. In each property, we selected a gallery forest site, a grassland site, and a plantation site, separated from one another by an average of 1 km, for a total of 30 sites. Within each site we sampled an area of approximately 2.5 ha. Sites were selected based on accessibility, and that there were no active management activities (e.g. logging) occurring near the sites during the time of the study. We quantified mammal species richness and composition in the 30 sites in three surveys. The first survey was carried out from January to April, 2008, the second survey from June to August, 2008 , and the third survey from September to December, 2008. Each site was surveyed for approximately 24 days. In each survey, we conducted direct and indirect methods to detect mammals. The direct method consisted of four digital camera traps (Cuddeback Excite Digital Camera, 2 Megapixels) for eight consecutive days in each site for a total of 96 camera/days per site (3 censuses x 4 cameras x 8 days). Camera traps were separated on average by 60 m and were tied to a tree or placed on an iron bar at 50 cm above the ground. We placed camera traps in sites where the probability of mammal detection was high (e.g. near rivers, ponds, trails, dens) and we changed the position of the camera traps in each survey. We used apples, bananas, sardines and vanilla as baits. In addition to camera traps, we conducted walking censuses for tracks, scats, dens and direct observations of animals. In each site, we conducted two walking censuses for 30 minutes each during each of the three surveys for a total of 3 hours.
Habitat measurements were collected from January to April 2008. In each site, a 5 x 50 m transect was established and the diameter at breast height (DBH) was measured for trees >10 cm DBH. Trees and shrubs between 1-10 cm DBH were sampled in a 1 x 50 m transect. These data were used to calculate stand basal area (m 2 /ha) and tree density (number of trees/ ha). We identified each tree and shrub to species or morphospecies. Tree diversity was calculated using ShannonWiener index. For each tree, the height of the first branch was recorded. Ground cover was measured every 5 m along the 50 m transect, within a 1 x1 m plot, by estimating the percent of the plot occupied by trees, shrubs, grass, leaf litter, bark, fallen branches and bared soil. Leaf litter depth was measured three times within each plot. Vegetation structure was estimated by determining the presence or absence of vegetation within different height ranges (m) (e.g. 0-2, 2-4… > 30 m). With these data we calculated habitat vertical structure heterogeneity using a Shannon-Wiener diversity index (from now vertical structure index). Higher values of the index represent a complex structural habitat. Percent canopy cover was measured using an ocular tube every 5 m. Additionally, temperature and relative humidity were measured during each survey using sensors (Hobo Pro v2 Part # U23-001) located at 50 cm above ground. The width of water courses associated with gallery forests was measured. To estimate the potential impact of cattle, horses and sheep on the mammal community we calculated an index by dividing the number of photos of these animals by the number of days of observations.
Using a land-use map of the study region we calculated the area of each land-use classes within seven buffer areas around each site with the following radiuses: 0.1, 0.5, 1, 1.5, 2, 3 and 4 km, using ArcGis 9.2. We selected buffer radiuses in relation to the home range sizes of the species registered during the survey (IUCN 2008 ). This procedure allowed us to determine the extent of the landscape analysis appropriate for this community of mammals. For the landscape variables, we used the percent area of each land-use class because the total area of different habitats tends to be more important than habitat fragmentation for the viability of wildlife populations (FAHRIG 2003) .
We calculated mammal species richness using incidence data from track and camera surveys for each habitat type (plantation, gallery forest and grassland) using sample-based rarefaction curves (species accumulation curves). We performed species accumulation curves using Mao Tau estimator with confidence intervals set at 95% (GOTELLI & COLWELL 2001) . We generated Mao Tau analytical estimator as well as other parametric and non-parametric estimators by performing 100 randomizations without replacement using EstimateS 7.5.1 (COLWELL 2005) . We generated different species richness estimators to determine if the sampling effort was enough to achieve a confident result of species richness.
We used a Multi-Response Permutation Procedure (MRPP), based on Sorensen (Bray-Curtis) distance, with incidence (i.e. presence/absence) mammal data to test for significant difference in assemblage composition between forest, plantation and grassland habitats. We applied a Bonferroni correction to the pair-wise p-values (i.e., individual p < 0.05/number of comparisons were considered significant) to maintain the overall alpha level of 0.05 and avoid type I error (HOLM 1979) .
We performed Kruskall-Wallis test to determine if mammal species richness among sites was different. In addition, we performed Nonmetric multidimensional scaling (NMS) method with incidence data as the main matrix and habitat and landscape variables (i.e. environmental variables) as the second matrix to determine if mammal composition between habitats ZOOLOGIA 27 (6): 909-917, December, 2010 was different and to determine which habitat and landscape variables were correlated with mammal species richness and composition in each site. For the NMS, the second matrix was relativized by each column (i.e. each environmental variable) maximum. We used Sorensen (Bray-Curtis) distance measure. We performed a first run with six axes stepping down in dimensionality, 50 runs with real data, stability criterion = 0.0005 and the iterations to evaluate stability in 200 (Monte Carlo tests), we set the initial step length to 0.20 and selected random numbers for the starting coordinates. This first run was performed to determine the number of dimensions of the ordination and the starting configuration for the final run. For the final run the percent of correlation with distance matrix (r 2 ) was calculated to evaluate the efficiency of the ordination distance to represent the distances in the real data and to determine the two axes that explained most of the ordination space which were the ones used to graphic representation. MRPP and NMS analysis were performed using PcOrd 5.0 (MCCUNE & MEFFORD 1999) . Kruskall-Wallis test was performed using R 2.9 (R DEVELOPMENT CORE TEAM 2009).
RESULTS

Mammal species survey and sampling effort
Fifteen species of medium and large mammals were recorded with approximately 960 camera/days (240 days x 4 camera traps) and 30 hours of walking census per habitat type. We found 14 mammal species in forest sites, 11 species in plantation sites, and 7 mammal species in grassland sites. Two of these species are exotics, the wild boar Sus scrofa Linnaeus, 1758 and the European hare Lepus europaeus Pallas, 1778 and are considered invasive in Uruguay (Tab. I). The most abundant species were the crab-eating fox Cerdocyon thous Linnaeus, 1766, the nine-banded armadillo Dasypus novemcinctus Linnaeus, 1758 and the gray brocket deer Mazama gouazoubira G. Fischer, 1814 which were recorded in almost every site and in the three habitat types (Tab. I). Rare species included the margay Leopardus wiedii Schinz, 1821 recorded in a single photograph at a forest site and the lesser grison Galictus cuja Molina, 1782 which was recorded in two forest sites by tracks (Tab. I). The number of species observed in the three habitats was similar to the expected values predicted by most of the species richness estimators (Tab. II). At a regional scale the sampling effort was enough to confidently estimate species richness. The rarefaction curve analysis suggests that 150 sample days are needed to determine mammal species richness in grassland and 240 days in forest and plantation.
Mammal species richness, and composition in forests, plantations, and grasslands
Forest, plantation, and grassland differed in mammal species richness (KW = 15.08, df = 2, p < 0.001) (Fig. 2) . Forest was the most diverse habitat (mean = 7) followed by plantation (mean = 4) and grassland (mean = 3). There was no significant difference in species richness between plantation and grassland. Table I . Number of filtered photos, tracks, scats and direct observations (Obs.) of medium and large mammal species, and the number of sites where a species was recorded. Filtered photos = number of photos determined by assuming that multiple photographs of a species (or a pair or group in the case of foxes and wild boars, respectively) taken by a single camera during any 24-hours period represented a single individual (SANDERSON 2004) . * Exotic species.
Family
Species Forest (n = 10) Plantation (n = 10) Grassland (n = 10) The NMS ordination using incidence data extracted two axes that explain 72% of the total variance (Fig. 3) . The presence of five mammal species had the highest correlation values with the ordination, and had the strongest influence in determining the ordination. The geoffroy's cat Oncifelis geoffroyi d'Orbign & Gervais, 1844 (r = 0.681), the crab-eating raccoon Procyon cancrivorus Cuvier, 1798 (r = 0.629), and M. gouazoubira (r = 0.624), were positively correlated with axes 1. D. novemcinctus (r = -0.757) and the hog nosed skunk Conepatus chinga Molina, 1782 (r = -0.657) were negatively correlated with axes 2. One forest site is separated from the rest of the forest because it had two species (the white-eared opossum Didelphis albiventris Lund, 1840 and the yellow armadillo Euphractus sexcinctus Linnaeus, 1756) that were not found in the other forest sites. Two grassland sites that shared one species, M. gouazoubira, were separated from the remaining because they had only two species. Mammal species composition, using incidence data between forest and grassland and between forest and plantation sites was significantly different using Bonferroni correction (p < 0.0166) (MRPP, A = 0.13, p < 0.001; A = 0.153 p < 0.001 respectively). Several species (the capybara Hydrochoerus hydrochaeris Linnaeus, 1766; the Neotropical river otter Lontra longicaudis Olfers, 1818; G. cuja and L. wiedii) where found only in forest sites. By contrast, L. europaeus was the only species that was not recorded in forest sites and was recorded in plantation and grassland sites. Although there were four more species (O. geoffroyi, E. sexcinctus, P. cancrivorus, and D. albiventris) , in plantation than in grassland, there was no significant difference in species composition between these two habitats (MRPP, A = -0.0006, p = 0.43).
Many habitat and landscape variables were strongly correlated with axis 1 (Fig. 3) 
DISCUSSION
Thirteen native and two exotic medium and large mammal species were detected in the study area. All species, except L. wiedii, were expected to occur in the area (GONZALEZ 2001) . In contrast, some species that had been observed in the de-ZOOLOGIA 27 (6): 909-917, December, 2010 partment of Rivera were not detected (GONZALEZ 2001) . Some of these species are listed as extinct in the country (the jaguar Pantera onca Linnaeus, 1758; and the puma Puma concolor Linnaeus, 1771). Other species have only been observed a few times in other locations in Rivera (the southern tamandua Tamandua tetradactyla Linnaeus, 1758; and the greater nakedtailed armadillo Cabassous tatouay Desmarest, 1804) and others are more common, e.g. the brown-nosed coati Nasua nasua Linnaeus, 1766 (Jessica Castro-Prieto pers. comm.). Species such as the lutrine opossum Lutreolina crassicaudata Desmarest, 1804 and the coypu Myocastor coypus Molina, 1782 were not recorded because their typical habitats (e.g. wetlands, and lagoons) were not surveyed. Probably due to its arboreal habits, the Paraguayan hairy dwarf porcupine Sphiggurus spinosus F. Cuvier, 1823 was not recorded. However, one individual was previously observed in one of the study sites. One track of the ocelot Leopardus pardalis Linnaeus, 1758 was found at one of the forest sites (F1) during a rapid survey in 2006, but the species was not recorded in the present study, probably due to its low abundance in the region. The only widely distributed and common species in the country which was not recorded in our study was the southern long-nosed armadillo Dasypus hybridus Desmarest, 1804, a grassland specialist armadillo.
Our results demonstrate that C. thous, D. novemcinctus and M. gouazoubira, the most abundant species in our data, can use transformed habitats. These are forest species with generalist habits which can use cultivated lands near forest (PINDER & LEEWENBERG 1997) . They were found in forest, plantation and grassland sites. These species are also abundant in agricultural areas in the state of São Paulo, Brazil where they were recorded in a variety of habitats (e.g. sugar cane plantations, forest fragments, Eucalyptus plantation and grassland) (DOTTA & VERDADE 2007) . In the Cerrado, C. thous was more common in Eucalyptus plantations than in native forest (LYRA-JORGE et al. 2008a) . The least abundant species in our results were L. wiedii and G. cuja. Leopardus wiedii is a rare small feline found exclusively in forest and has its southern distribution limit in Uruguay (OLVEIRA 1998). Although G. cuja is a generalist species capable of using disturbed areas such as plantations (DOTTA & VERDADE 2007) , it was only recorded by tracks in two gallery forests in our study. This species may not have been detected by camera traps because of its small size (LYRA-JORGE et al. 2008b) .
One of the main conclusions of this study is that the mammal community within a plantation-dominated matrix is characterized by a predominance of generalist species, or species that are capable of using transformed habitats (ALMEIDA et al. 2008 , FARIAS & KITTLE 2008 , DOTTA & VERDADE 2007 , MANFREDI et al. 2006 , PINDER & LEEWENBERG 1997 , and a low proportion of specialist species. Many forest species avoid open areas such as grassland, but they can be detected traversing them while moving between forest sites. Additionally, some grassland species can explore forest looking for food (CÁCERES 2004 , GONZALEZ 2001 ; however, carnivore species, which have large home ranges become more generalist in an altered landscape and are not restricted to native forest (LYRA-JORGE et al. 2008a) .
Another important conclusion is that transformed habitats such as Eucalyptus plantations can have both positive and negative effects on medium and large mammals. Plantations positively affect mammals by increasing the local distribution of some forest species that avoid grassland. Six of the ten generalist forest species have increased their local distribution to include plantation which were previously grassland, habitats rarely used by forest species. Cerdocyon thous and D. novemcinctus have broad food and habitat requirements and they increase their local distribution by using plantations. By contrast, plantations are negatively affecting the presence and possibly the local distribution of species such as D. hybridus, a very common grassland species that was not detected in this study, presumably due to the loss and fragmentation of its primary habitat, grassland.
Mammal species richness differed among the three habitats types (forest, plantation and grassland). This result contrasts with the results of another study near São Paulo (DOTTA & VERDADE 2007) where mammal species richness did not differ among the same three habitats plus sugar cane plantations. Species composition between native forest and plantation and between forest and grassland was different. Similar results were found in other studies (DOTTA & VERDADE 2007) , which highlights the importance of forest as a primary habitat and the importance of its conservation within a matrix of exotic tree plantations. Species composition was not significantly different between plantation and grassland although four more mammal species (D. albiventris, E. sexcinctus, O. geoffrogyi, and P. cancrivorous) were recorded in plantation. This lack of a statistically significantly difference can be explained by the fact that these species were only recorded once in plantation sites, which reduces the effect of these species in determining differences in species composition. This result suggests that mammal species use plantation differently, and that these four mammal species probably use plantation as corridors, spending less time in it, which would explain the fact that they have been poorly recorded.
In our study the differences in species richness and composition among forest, plantation and grassland can be explained by differences in habitat and landscape variables among the three habitat types. Most of the habitat variables that are correlated with mammal ordination are characteristics of forest sites (e.g. tree diversity and canopy cover) which highlight the importance of gallery forest in maintaining mammal community. Furthermore, some species (e.g. H. hydrochaeris, L. longicaudis) were recorded only in gallery forest, which demonstrates its importance as primary habitat. In addition, the proportion of forest and grassland in the landscape at 0.1 km were correlated with mammal species richness and composition. These findings emphasize the importance of maintaining areas of forest and grassland in this plantation matrix to ensure the conservation of the mammal community. Forest and grassland areas are crucial for the maintenance of the entire mammal community because most of the species use these habitats as primary or secondary habitat. Most studies emphasize the importance of forest (JOHNSON et al. 1999 , LEES & PERES 2008 , but the multi-scale approach demonstrated also the importance of temperate grassland, one of the most threatened ecosystems worldwide, as a valuable resource for the mammal community.
Conservation activities
From our results two conservation measures can be proposed to landowners such as forestry companies and ranchers to conserve the mammal community outside of protected areas. The most important measure is to protect the small area of gallery forest by reducing logging and cattle grazing. This will help maintain habitat variables such as tree species richness, vertical structure and canopy cover, important factors determining mammal presence. The other important conservation measures would be to increase grassland buffer zones between plantation and forest. Presently grassland buffer zones between gallery forest and plantation are only 20 m wide. This buffer zone is created specifically to protect water quality (FSC 1996) and not grassland or forest habitats. In order to foster mammal conservation, however, this grassland buffer zone needs to be larger, in order to reduce the impact of plantation management procedures (e.g. fertilizing, pruning, harvesting) on forest species. Although, the effect of the proximity to plantations on forest mammals was not directly assessed in our study, we believe that alteration of neighboring habitats is likely to alter the gallery forest community. In addition, buffer zones need to be larger to allow the persistence of grassland species within the plantation matrix. The conservation of mammals outside protected areas relies on the continued effort to understand how human activities affect mammal community, and how management efforts can reduce the negative impact of these activities.
